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Prior Knowledge

There are very few studies like ours
going on. There was one with three
patients that was done in 2018 that
reported long computational times!
Our method is a faster and more
practical way to analyze TPVI cases
that gives accurate results. Another
study discusses the future of TPVI
and how advancements are being
made to create smaller and more
compliable stents. With our method,
we could adjust the program to
account for these differences and
still provide reliable information for
the doctors.
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Figure 1
Transcatheter Pulmonary Valve
Implantation (TPVI) Diagram

Goals for this Research

1. Create models that are consistent with the
clinical outcomes
2. Gain a better understanding of the adverse
effects of TPVI and prevent unnecessary
procedures.

Methods

The first step to this project was obtaining the CT
scans from the physician. From there, we could
upload the scans to a program called Seg3D where |
would go through each slide of the CT and trace the
aorta, pulmonary artery and the coronary arteries.
The segmented CT scans are then used to create a
3D model. From here a custom Matlab code is used
to determine the correct stent placement. Then, the
expansion of the stent is simulated in an application
called FEBio using finite elements analysis. During
this time displacement, strain, stress and changes
to the lumen are calculated. This provides us and
the doctor the information we need to determine
the risk of the patient experiencing aortic or
coronary artery compression.
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Flgure 2
Going from a CT scan to a 3D Model
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Background

Transcatheter Pulmonary Valve Implantation
(TPVI) is a way of treating patients with
outflow dysfunction due to congenital heart
disease. One major benefit is that it is much less
invasive than open heart surgery because it is
done using a catheter all internally. It is hard to
predict the different risks associated with it like
distortion of the aorta or coronary arteries
because this cannot only be done from imaging
which is currently what is accessible.

The Resulting
Model

This is an example of the final output
from our framework. The color change
towards the middle of the aorta
represents the displacement, stress,
strain and change in lumen shape and
area that results when the stent is
placed in pulmonary artery. For this
patient the maximum displacement is
6.23 mm and the volume loss is 85.52
mmA3. The displacement seen is
considered mild and the model
correctly predicted what happened in
the clinic. This is one of about 8
models we are working on and aligns
with the clinical outcome which is
that there is no issue placing the
stent in this patient.

Figure 3
The aorta and the coronary
arteries with strain from stent
shown, the more severe the
strain the warmer the color

Future Implications

Our work on this project will continue as we get
more CT scans and improve our Matlab code.
Since every patients vascular anatomy is unique, it
Is hard to make one blanket code that handles
them all.

The overall goal of this project is to create
accurate clinical outcomes for the catheter lab
physicians. This is so they do not perform
expensive and unnecessary procedures on TPVI
patients. We have correctly predicted the cases
we've seen so far and hope to continue to help.
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